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INTRODUCING AN EXORFMniK r s M INT0 RTPtv? 
Background nf t he invpn^np 
1= — Field of t he invpntlo n 

This Invention Is in the Held of transgenic animals. 
2- Description nf th» prior art 

05 There are basically three ways to Introduce exogenous 

(foreign) genes Into embryos. These are by direct injection into 
the pronucleus, by Infection of early embryos with genetically 
manipulated viruses, or by the transfer of cells with a modified 
genotype into the blastocyst to produce a chimera. The value of 
10 each of these approaches varies with the nature of the 
embryologlcal system involved and In this context birds have been 
particularly difficult to use. 

Injection of genes Into pronuclei has been successful 1n 
mice, rabbits, sheep etc. but attempts to produce transgenic 
birds by direct injection of DNA Into the pronucleus have been 
largely unsuccessful because it Is difficult to locate the 
pronucleus within the body of a large yolky egg, H. Sang & M.M. 
Perry, Molecular Reproduction & Development 1, 98-106 (1989). 
Infection of eggs with retroviruses is not a reliable method! 
Thus, It has been reported by R.A. Bosselman j± H. < 0 f Amgen 
Inc.), Science m, 533-535 (27 January 1989) that only a 
Infection of the germ cell line occurred. 
Summary nf the Invpp^o n 

It has now been found that foreign nucleic acid, especially 
25 foreign gene(s), can be Introduced Into primordial germ cells 
derived from the embryo of a donor bird, that the cells carrying 
the foreign nucleic add can be introduced Into the embryo of a 
recipient bird, and that the foreign nucleic acid 1s thereby 
carried into the germ cells of the embryo and therefore Into the 
germ line of a bird which will be produced from the embryo. In . 
this way, transgenic birds, especially poultry and game birds, 
can be produced. 

As long ago as 1965, A.W. Blackler, J. Embryol . Exp. 
Morphology ±2, 51-61 (1965), showed that primordial germ cells 
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could be grafted at the neurula stage from one embryo to another 
In toads (Xenppys laevis) and demonstrated the transfer by 
reference to sex control of the resulting tadpoles. 

Attempts have been made previously to transfer primordial 

05 germ cells between species or from donor embryos of birds to 
sterilized recipients. It has, however, been difficult to 
establish unequivocally whether these cells survived the 
attempted transfer and to guarantee the efficiency of the 
sterilization process, see G. Reynaud, Wllhelm Roux Archlv fur 

10 Entwlcklungsmechanlk der Organlsmen (Roux's Archives of 
Developmental Biology) 112, 85-110 <1976). For these reasons, 
transfer of primordial germ cells has not previously come 
seriously Into reckoning as a practical way of producing 
transgenic birds. In the present Invention, however, the 

15 Inventor has found that transfer can be achieved and be 
demonstrated to have been achieved, and moreover in a significant 
number of experiments, and In so doing has opened up a new and 
practical route for the production of transgenic birds. Further, 
he has found that 1t 1s possible to transfer foreign nucleic 

20 add, yJLa explanted primordial germ cells, Into the germ cell 
1 Ine of an embryo. 

The invention herein can be expressed as a method of 
Introducing foreign nucleic add, especially a foreign gene, Into 
birds, which comprises providing In vitro foreign nucleic add 

25 which it 1s desired to Introduce into the germ line of a bird, 
Introducing the foreign nucleic add Into explanted primordial 
germ cells of a bird and then Introducing these primordial germ 
cells Into the blood system of a recipient embryo of an Incubated 
egg, at a stage of embryonic development at which Introduced 

30 primordial germ cells will settle in the germinal ridge. 
Brief description of th» drawing 

Figure 1 shows a chicken embryo in surface view; 
Figure 2 1s a graph of concentration of primordial germ cells 
in blood plotted against time (stage of embryonic development); 

35 Figure 3 is a transverse section of part of a chick embryo 
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showing the germinal ridge; and 

Figures 4 and 5 show provlral DNA constructs used to prepare 
a replication-defective retroviral vector carrying a foreign 
gene, this vector being used to Infect donor primordial germ 
05 cells. 

Description of fhp pr eferred embodiments 

Primordial germ cells (PGCs) are the cells which are destined 
to give rise to gametes (eggs and spermatazoa). They are large 
cells (larger than blood cells, for example), typically of 
diameter up to 20 micrometres. After an egg has Incubated for 
about 4 hours, PGCs can be seen In the germinal crescent which 
lies outside the embryo (Figure 1). In Figure 1, the donor 
embryo 1 has primordial germ cells 2 In the germinal crescent 3. 
The germinal crescent lies between the area opaca and area 
15 pelludda anterior to the head of the developing embryo. Also 
shown are blood vessels 4 and the gonad 5 of the donor embryo. 
The PGCs migrate from this site of origin, via the bloodstream, 
to the site of the future gonad, which Is called the germinal 
ridge. In the embryo of the domestic fowl, this migration occurs 
20 after about 50h of incubation at stage 16 of development (Figure 
2: "A"), it Is seen as a large pulse of transient primordial 
germ cells among the normal erythrocytes of the blood. Within a 
few hours they disappear from the blood and settle in the 
germinal ridge (Figure 2: »B»). Figure 2 shows the population of 
25 PGCs in the blood stream of the embryo plotted against somite 
number, which represents a stage of embryonic development. (The 
somite Is a block of muscle. By counting these somites in the 
head to tall direction of the embryo, Its development car> be 
quantised). Figure 3 Is a transverse section of a part of the 
30 embryo showing the germinal ridge. 11 - mesoderm, 12 = spinal 
cord, 13 - extra-embryonic cavity, 14 - blood vessel, 15 = PGCs 
carried 1n the bloodstream, 16 = germinal ridge. 

Once settled In the germinal ridge, the PGCs proliferate to 
form germ cells. The number settling 1s of the order of a few 
35 hundred, while the number of proliferated germ cells produced 1s 
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of the order of a million In the female. Only a fraction of 
these germ cells (a few thousand) are carried through to the 
adult bird, there being extensive atrophy of these oocytes after 
hatching. 

05 Virtually all domestic fowl contain DNA copies of retroviral 

genomes that have entered the germ line during evolution but are 
Inherited as structural genes- In this invention such 
Individuals have been used as donors to inject primordial germ 
cells into a "line zero" strain of retrovlrus-free birds. Blood, 

10 containing PGCs, was taken from an embryo of a donor bird and 
injected Into the heart of a recipient embryo. After further 
Incubation, the recipient embryos were dissected and DNA 
extracted from the gonads, heart, liver and muscle. Untreated 
donor and recipient embryos were also dissected to provide 

15 positive and negative controls. Dot blots and Southern blots 
were prepared and probed with labelled retroviral DNA. In 4 out 
of 11 transfer experiments the gonads were found to be labelled 
with donor cell DNA. In one case the heart was also positive but 
in other cases the transfer was specific for the gonad tissues. 

20 The results Indicate that It Is possible to transfer 

primordial germ cells between Individuals and obtain the clonal 
growth of these stem cells 1n recipient embryos. It is known 
that some primordial germ cells do not enter the germinal ridge 
but settle in other organs of which the heart is most common. 

25 Inevitably some nucleated red blood cells were also transferred 
in these experiments but these appear to have been diluted out 
during embryo growth so that in most transfers there is no donor 
DNA in other tissues. 

Very little is known of the fundamental processes Involved 1n 

30 the formation of the avian gonad. It may be assumed that half 
the transfers Involved in these experiments were trans-sexual 
(I.e. male primordial germ cells into female birds and vice 
versa). It Is also to be expected that there would be 
competition between donor and recipient primordial germ cells. 

35 Despite this, there Is a high success rate In affecting transfers 
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so that "this is a potentially effective way of producing birds 
with chlmaerk gonads. 

In the present Invention It Is preferred to take the PGCs 
from the blood stream of the donor embryo, or from a germinal 

05 crescent, In order most closely to simulate the natural 
processes. There appears to be some chemical signal which causes 
the germ cells to settle In the germinal ridge and It 1s not 
certain whether very Immature PGCs would have the means of 
recognising or following the signal. 

10 The PGCs will normally be expl anted, and possibly then 
cultured in vitro., in order to prevent them from maturing and 
differentiating too rapidly, before the foreign nucleic add can 
be introduced and the PGCs Inoculated Into the recipient embryo, 
It will probably be advisable to introduce Differentiation 

15 Inhibitory Activity factor into the culture : see Example 1 for 
references. 

The nucleic add can then be Introduced Into the PGCs In 
liiTJJ In any of the now well accepted ways for Introducing 
nucleic add Into cells, e.g. by caldum phosphate transfectlon 

20 of DNA, direct Inoculation of DNA Into the PGCs or Infection of 
the culture with a retroviral vector carrying nucleic add 
foreign to the bird. In all these instances, the usual 
techniques apply. Thus the direct Inoculation technique 1s 
similar to that used for Inoculating a pronucleus 1n conventional 

25 transgenic technology. Preferably a retroviral vector Is used. 
The vector 1s preferably one which 1s not capable of undergoing 
replication in the PGCs and will normally be formed from two or 
more DNA constructs which, when acting together, allow 
Integration of the foreign nucleic add Into the germ cell 

30 chromosomes. 

While normally the expl anted PGCs will be Isolated from 
surrounding tissue, it Is also possible to Introduce the foreign 
nucleic add Into a sample of PGC-conta1n1ng tissue, such as 
blood of the donor embryo (at a stage of development at which 

35 PGCs will be present). In particular the blood can be Infected 
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with an appropriate retroviral vector carrying the foreign 
nucleic acid. 

The nucleic acid transferred can be RNA or DNA; DNA can be 
genomic or cDNA produced from genomic or mRNA. It can be a 

05 polynucleotide coding for a polypeptide. In all cases, 
appropriate promoters, signal and transcription-termination 
sequences may be required, as is recognised in the art. 

The gene introduced may be any of those familiar to those 
skilled in the poultry genetics field, including growth genes, 

10 genes which may impart resistance to poultry diseases such as 
coccidlosls, Marek's Disease Virus, Newcastle Disease Virus, 
Infectious Bronchitis Virus, Infectious Bursal Disease Virus and 
so forth. Further, genes coding for attenuated strains of 
Salmonella may be of value. 

15 It is desirable that the competition between native PGCs of 

the recipient embryo and the donor PGCs containing the foreign 
nucleic acid for lodgement in the germinal ridge, should be 
altered in favour of the donor PGCs. One method of achieving 
this is simply to reduce the ratio of native to introduced PGCs. 

20 Thus, the germinal crescent PGCs of the recipient embryo may be 
removed by cauterisation or by selective Irradiation or by use of 
a chemosterilant such as the drug Busulphan. Alternatively, the 
donor PGCs could be cultured and Introduced in such large numbers 
as to swamp the native PGCs. 

25 The invention includes all conventional further steps 

downstream of the introduction of the foreign nucleic acid to the 
recipient embryo, such as hatching chicks, rearing birds from 
these chicks, using the eggs of reared egg-laying birds as a 
source of genes for a further gene transfer and so on. The term 

30 "chick" herein denotes the newly hatched offspring of any bird, 
not necessarily of a fowl unless the context so. requires. 

The . invention further includes "indirect products of the 
method" viz. birds which are made transgenic or carry foreign 
nucleic acid 1n their germ line through application of the 

35 process of the invention to their mother or to any maternal 
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ancestor of the bird's mother or father. 

The Invention Is of significance chiefly for gene transfer 
using cells of the same species or even strain and preferably 1n 
poultry such as chickens, ducks, turkeys, geese and guinea fowl 
or game birds such" as pheasants, grouse and partridges. 

The following Examples illustrate the invention. All stages 
of embryonic development are on the standard Hamburger - Hamilton 
scale. 

EXAM P LE 

This Example demonstrates 1n section A that retroviral ly 
Infected PGCs can be transferred to retrovirus-free eggs, 
producing a retroviral ly Infected embryo. Section B Indicates 
how advantage Is taken of this finding to Introduce a foreign 
gene into differentiated tissue of the embryo. 
15 ^ — Transfer of Primordial Germ CelU <?r^} 

1. A normal strain of Rhode Island Red hens, was used as the 
"donor". "Donor" eggs from Rhode Island Red hens as above were 
Incubated to developmental stage 16 and recipient eggs to roughly 
stage 14-15. 

20 2. A needle and tube were prepared to collect the blood. This 
consists of a 30 gauge dental needle attached to a 30 cm length 
of canula tubing ending In a -mouth piece. The needle was dipped 
Into heparin (anti-coagulant) solution before use. 

3. A donor egg was positioned beneath a binocular microscope 
25 with fibre optic Illumination and the embryo exposed by removing 

the shell over the blunt end (air space) of the egg. 

4. The needle was inserted Into a large vein in the donor 
embryo, usually the one running down the back of the embryo. 
Alternatively any other vein or the heart may be used. About 
10pl of blood, typically containing about 40 PGCs, were drawn 
into the needle by gentle suction. Alternatively a small syringe 
may be used to suck the blood Into the tube. 

5. The "recipient" embryo was derived from a retrovirus-free 
White Leghorn strain. Such a strain 1s kept at the Institute for 

35 Animal Health, Houghton Laboratory, Houghton, Huntingdon PE17 
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2DA f England. Eggs from this strain are freely available for 
sale (and have been sold). An alternative source of supply of 
retrovlrus-free eggs Is the USDA station at East Lansing, 
Michigan, USA. The "recipient" egg was laid on its side and its 

05 air space pierced with a pair of fine forceps. The egg was wiped 
with 70% alcohol and a small hole (1 cm 2 ) cut in the centre of 
the shell with a sterile hacksaw blade. The shell and shell 
membranes were removed with fine forceps. At this stage, the 
embryo drops away from the shell as the contents displace the air 

10 from the air space. 

6. The recipient embryo was located and the blood injected 
directly into the heart or into the region around the heart or a 
major blood vessel . 

7. The hole in the eggshell was sealed with adhesive tape. 

15 8. The* egg was incubated in a normal incubator and candled 
regularly to check growth. 

9. After a total of 16/17 days of incubation, which is the time 
at which the avian embryo develops the maximum number of oocytes, 
the recipient embryos were dissected and DNA was extracted from 

20 the gonads, heart, liver and muscle, by the method of J.B. 
Dodgson fit al.. Cell H, 879-887 (1979). The DNA was dot-blotted 
or Southern blotted onto nitrocellulose paper. 

10. The blots were probed with radiolabeled retroviral DNA. The 
retroviral DNA actually used was from a plasmld designated pRAV-1 

25 used at the Institute for Animal Health, Houghton (see above), 
but originally a gift from Paula Enrietta of the Imperial Cancer 
Research Foundation, London. It is available from the Institute, 
but it Is not necessary to use this specific probe. Any of -the 
well known avian retroviral DNA clones will do. (To check that a 

30 particular retroviral DNA is suitable is a simple matter, as it 
lights up certain distinctive bands when DNA taken from avian red 
blood cells is Southern-blotted and probed with radiolabeled 
retroviral DNA). The nitrocellulose filters were hybridised 
overnight and washed at high stringency (65°C, 0.1% SSC). In 4 

35 out of 11 experiments the retroviral DNA was found In the gonad 
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tissue. 

B. Gene Manipulation of Primordial Germ r»n< 

1. It 1s the Intention to take primordial germ cells from the 
blood sample obtained 1n processes A1-A4 or alternatively to 
Isolate them from the germinal crescent and maintain the cells In 
normal avian tissue culture solution (e.g. Eagles modified medium 
with foetal calf serum). 

2. Where necessary, the explanted primordial germ cells would be 
maintained 1n an undifferentiated state using developmental 

10 Inhibitory activity factor, R.L. Williams £± aj... Nature 3J6_, 684 
- 687 (1988), A.G. Smith £i aj.., Nature 1988, m, 688-685 (1988) 

3. Gene insertion Into the cells would be by conventional 
methods (Calcium phosphate Incorporation; DNA Injection or 
defective retroviral infection). 

15 4. Manipulated primordial germ cells would be Inserted into 
embryos as In steps A5-A8 except that these embryos would have 
had their germinal crescent cells destroyed (by cautery, 
Irradiation or chemosterillzation) or, alternatively, excessive 
donor PGCs would be given before the mobilization of the 

20 endogenous PGCs of the recipient embryo. - 

By these means manipulated primordial germ cells would be 
Introduced Into sterilized embryos leading to a permanent 
modification to the germ line of the bird. 

EXAMP LE I 

25 This Example demonstrates the Infection of PGCs either 1q 

vitro, or In a donor embryo, with a retroviral vector carrying a 
foreign gene, transferring the infected PGCs to retrovirus-free 
eggs and detecting the foreign gene in differentiated tissue of 
the embryo. 

30 L — Constructio n of a retroviral vector 

A replication-defective retroviral vector was prepared from a 
wild type reticuloendothelial virus, spleen necrosis virus (SNV) 
as follows. The American Type Culture Collection (ATCC) supplied 
two spleen necrosis virus (SNV) REVs under accession numbers ATCC 

35 45012 and 45013. ATCC 45013 had a deleted packaging signal. 
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As 1s usual In retroviral vectors, the vector Included a 
provlral DNA helper construct having s&g, jjqI and snv genes of 
SNV, but lacking a packaging signal, whereby the native 
retroviral genes cannot be packaged. It does not possess a long 

05 terminal repeat (LTR) at either end. An SV40 late promoter Is 
provided. This provlral DNA construct Is shown In Figure 4. 

The other part of the vector was a construct of DNA made from 
the £. coll . iatZ (beta-galactosidase) gene and the packaging 
signal and mv gene of the SNV, as shown In Figure 5. (The 

10 sequences from pBR322, a standard commercially available plasmld, 
are of no relevance). 

The vector DNA (both constructs) was co-1nfected Into a quail 
cell line "QT 35". A quail cell line was used because ordinary 
chicken cell lines are Infected with avian leukemia virus, which 

15 1s another retrovirus, which might Introduce an unwanted 
infectious virus. To assist the infection, a chemical 
"Llpofectln" (commercially available) was added to the vector DNA. 

IL Preparatio n of primordial oerm cells 

Chicken eggs were Incubated to stage 14 of development 

20 (roughly 50h). They were swabbed with alcohol and opened in a 
dish of saline (9g NaCl/l1tre of water) at 37°C. The embryo was 
positioned under a hole 1n a piece of filter paper, cut free from 
the surrounding tissue and lifted off from the yolk. This left 
the embryo stretched across a hole in the filter paper. The PGCs 

25 in the germinal crescent to the anterior and sides of the embryo 
could easily be seen arid the tissue containing them was then cut 
out with fine scissors. Each piece of germinal crescent tissue 
was placed In a vial with approx. 100^1 of Ca- and Mg-free Hanks 
saline with 0.02% EDTA (ethylene dlaminetetraacetic acid) for y. 

30 to 2h. Alternatively, pieces of germinal crescent tissue were 
Incubated with 0.0123% trypsin solution (0.25% solution diluted 
to 1/20) for 5 mins at 37°G, washed, added to trypsin Inhibitor 
for 5 m1n at 37°C and washed in Hanks saline. Germinal crescent 
samples were disrupted by drawing them up and down a 1ml syringe 

35 with 21G needle. Samples of the cell suspension were taken for 
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cell viability tests using erythrosln B stain and for control DNA 
samples. 

C, Transfer of Prima l al Germ fcl^ 

The QT. 35 cells stuck to the plates of the culture dishes and 
the supernatant was sucked off. A fixed volume of supernatant 
was probed with DNA to give an estimate of virion concentration, 
sufficient supernatant was then added to PGCs to give _ 
concentration of at least 500 vlrons per 150 germinal crescent 
tissue cells per yl of the QT 35 supernatant fluid. Of these 
cells approximately 10 were larger than 15um diameter and 
considered to be PGCs. 

Alternatively a 20jil blood sample was taken from a stage 
15/16 embryo. Such blood samples normally contain circulating 
PGCs. The sample was therefore exposed to 10pl of the defective 
retrovirus for X to lh and a sample of 10 H 1 taken for Injection 
into a recipient embryo. 

Recipient embryos were Incubated to approximately stage 15 of 
development. The shell was swabbed with alcohol and the embryo 
exposed through a hole roughly 1 to 2 cm 2 . A suspension of the 
20 retrovlrally Infected germinal crescent cells (roughly 100 PGCs) 
In lOjil saline was injected Into the heart of the embryo by 
cardiac puncture using a fine glass needle. The shell was sealed 
with tape and returned to the Incubator. 

At various times (5d, lOd, 18d) embryos were killed. Small 
25 embryos (5d> were simply divided into head and tall regions. 
Larger embryos had the gonads dissected out. 
IL Analysis of embrvo M^ y? 

After 5d, lOd and 18d embryos were killed for analysis.. At 
5d they were divided Into head and tall regions with the 
30 presumptive gonad In the posterior half. At lOd an attempt was 
made to Isolate the urogenital region and in later embryos the 
gonad was Isolated. Similar tissues were Isolated from normal 
embryos . 

Tissues of the Infected embryos and of various controls were 
35 examined for Integration of the retrovirus using PCR (polymerase 
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chain reaction), R.K. Sarkl £± aj... Science 220., 1350-1354 
"(1985). Following a wash In phosphate buffered saline, the 
tissues/cells were resuspended In 40-100pl distilled water, 
boiled for 15 mln and centrlfuged for 15 mln to remove the 

05 debris. Allquots of the supernatant containing the DNA ( 1 0-40^1 > 
were used In 30-cycle PCR reactions (50-lOOpl) designed to 
amplify a 519 base pair fragment of DNA at the 5' end of the 
gene. The oligonucleotides used 1n the PCR were 5' 
GCTATGACCATGATTACGGA AND 5' CAAATTCAGACGGCAAACGA which correspond 

10 to nucleotides 1281-1300 and 1800-1781 respectively (numbers 
refer to those 1n "Nucleotide Sequences". 19B5, IRL Press). Each 
cycle of the PCR consisted of 1 mln at 95°C, 1 mln at 50°C and 2 
mln at 74°C. The PCR products were electrophoresed on agarose 
gels, blotted onto Hybond-N membranes and the lac Z DNA fragment 

15 was detected by hybridization to a radiolabeled DNA probe for 
la£Z. 

The results obtained are shown In .the Table. No 
amplification of the 519 base pair lac Z DNA fragment was obtained 
with DNA isolated from primordial germ cells or from various 

20 tissues of the control embryos. DNA isolated from PGCs that had 
been isolated. Infected with the retrovirus and kept overnight In 
tissue culture was found to direct the amplification of lacZ. 
DNA from both the anterior and posterior regions of 5d old 
embryos Injected with cells exposed to the retrovirus was found 

25 to contain the lac_Z. Integration of the retrovirus was also 
observed In the urogenital tissues of lOd old embryos, and 1n the 
isolated gonads from 18 days old embryos. 
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Results of the PCR-hybr1d1zat1on analysis <+ « amplification 
detected; - = no amplification detected) 

TlSSqg/Samplp lacZ MPllflntinn 

1 . Control s 
Water 

Plasmld pCHHO (containing lacZ gene) + 

REV 

PGCs 

Vector- infected PGCs + 
Gonads of uninfected hatchllngs 

(b) Embrvos In^r- fed with Vertor-infprtPri Pftr^ 

5d, anterior half + 

5d, posterior half + 

lOd, urogenital region + 

18d, gonad + 

Additionally, the gonads of embryos killed at 18d were 
examined by Southern blotting (without prior PCR). Samples of 

05 DNA were extracted from the gonads, the DNA cut with restriction 
endonucleases and run on an agarose gel. The gel was then probed 
for retrovirus and positive hybridisation detected. 

These results demonstrate that retroviruses can attach to 
PGCs, penetrate them and become uncoated. Once In the cell, the 

10 viral RNA has to be transcribed into DNA and integrated Into the 
cell DNA 1f It 1s to persist in the genome. The present work has 
shown that primordial germ cells become Infected with a suitable 
defective retrovirus In at least 3 out of 8 experiments. The 
results Indicate (1) that when infected PGCs are transferred to 

15 the embryo they become progressively localized in the germinal 
crescent and (2) that the foreign DNA "signal" becomes enhanced 
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by cell division during embryogenesis. Since the polymerase 
chain reaction Is specific for DNA the results clearly show that 
reverse transcription has occurred and that the DNA 1s persisting 
In the germ cell line. 
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■ CLAIMS 

1. A method of Introducing foreign nucleic acid Into birds, 
which comprises providing in Mirfi foreign nucleic acid which It 
1s desired to Introduce into the germ line of a bird, introducing 
the foreign nucleic acid Into explanted primordial germ cells of 
a bird and then Introducing these primordial germ cells. Into the 
blood system of a recipient embryo of an Incubated egg, at a 
stage of embryonic development at which introduced primordial 
germ cells will settle 1n the germinal ridge. 
10 2. A method according to Claim 1, which further comprises 
hatching a chick from the recipient embryonated egg. 
3. A method according to Claim 1 or 2 wherein the introduced 
primordial germ cells are at a germinal crescent or post-germinal 
crescent developmental stage. 
15 4. A method according to Claim 1, 2 or 3 wherein the foreign 
nucleic acid is introduced in y_ifcro. into Isolated primordial germ 
cells or Into tissue taken from an embryo and which contains 
primordial germ cells. 

5. A method according to .Claim 4 wherein the primordial germ 
cells containing the foreign nucleic acid are cultured In vitro 
in the presence of a development Inhibitory activity factor. 

6. A method according to Claim 4 or 5 wherein the foreign 
nucleic acid is Introduced by transfection with DNA, Injection 
into the primordial germ cells or Introduction of a retroviral 

25 vector carrying the foreign nucleic add. 

7. A method according to any preceding claim wherein the ratio 
of the number of native primordial germ cells of the recipient 
embryo to the number of Introduced primordial germ cells, 
competing therewith for entry to the germinal ridge, Is reduced. 

30 8. A method according to Claim 7 wherein the native germinal 
crescent cells of the recipient embryo are destroyed. 

9. A method according to any preceding claim wherein the foreign 
nucleic add comprises a foreign gene. 

10. Birds incorporating in their germ line foreign nucleic add 



20 
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Introduced by a method claimed 1n any one of claims 1 to 9 
applied to their mother or to any hen which 1s an ancestor of 
their parents. 
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